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IN THE CLAIMS 

Please amend the claims as follows. 

« 

1. (currently amended) A mefliod of fabricating a deep trench capacitor, 
comprising: 

providing a substrate, wherein the substrate has a patterned liner layer and a 
patterned mask layer formed thereon and a de^ trench formed therein, an electrode 
formed i n the s ubstrate at a bottom of the deep trench in The mbctratc and a capacitor 
dielectric layer formed on the surfece of the de<&p trench; 

forming a first conductive layer at the bottom of the d^ trench; 

fomiing a protective layer over the mask layer and on the surface of the de^ 

trench; 

forming a collar oxide layer on the surface of the protective layer; 
removing the protective layer and tiie liollar Oxide layer on tiie surface of the 
first conductive layer; 

depositing a material into the de^ trendi to fonn a material layer; 

removing a portion of the material layer inside the deep trench to form a first 
opening, wherem a top surface of the material layer is at a level higher than the liner 
layer; 

removing the collar oxide layer and tlie protective layer not covered by the 
material layer; 
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removing a portion of the mask layer .ind the! protective layer on the sidewall of 
the first opening to form a second opening, wherein the second ppemng has a width 
greater than the first opening; 

removing the material layer; 

■ • 

depositing conductive material into the deep trench to form a second conductive! 
layer; ; 

removhig a portion of the second conductive layer at a top of the deep trench so: 
that the second conductive layer partially fills the deep trench; 

removing the collar oxide layer and tlie protective layer on the sidewall of the ! 

» « 

deqp trench and not covered by the second conductive layer; and 

depositing conductive material into the de^ Itrench to form a third conductive \ 

i « 

layer> wherein the third conductive layer completely fills the de^ trench. 

2. (original) The method of claim 1, wiierein material constituting the protective \ 
layer is selected from a group consisting of silicon oxide and silicon oxynitride. 

3. (original) The method of claim 2, wherein the step of forming the protective \ 
layer comprises performing a plasma-enhanced chemical vapor deposition process. 

4. (original) The method of claim 1, wberein the step of forming the collar oxide \ 
layer comprises performing a chemical vapor deposition process. 

5. (original) The method of claim 4, wherein the step of performing the ; 
chemical vapor deposition process comprises using ozone/tetra-ethyl-ortho-silicate as i 
the reactive gases. 
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6. (original) The method of claim 1, A^'hereinithe protective layer has a removal; 
rate smaller than the collar oxide layer. 

7. (original) The method of claim 6, therein: the protective layer has a removal i 
race between about 20 to 32A/min. 

8. (original) The method of claim 6, wheiiein the collar oxide layer has a; 
removal rate between about 40 to 65 A/min. 

9. (original) The method of claim 1, v/hereia material constitutixig the material \ 
layer is selected from a group consisting of photoresist and anti-reflectmg coating. 

10. (original) The method of claim 1, wherein! the step for removing a portion of i 
the mask layer and the protective layer on flie sidewall of the first opening comprises \ 
performing a wet etching process. 

11. (original) The method of claim 10, wherein the wet etching process is i 
carried out using either hydrofluoric acid/ethylene glycol solution or phosphoric acid ; 
solution as the etcham. 

12. (original) The method of claim 1. wherem the second opening has a width i 
greater than the first opening by about 5 to 20mn. 

13. (currently amended) A m^ethod of fabricating a deep trwch capacitor, \ 

comprising: 

providing a substrate, wherein the subiJtrate has a patterned liner layer and a \ 

patterned mask layer formed thereon and a dii^ trench formed therein, an electrode : 

formed in the substrate at a bottom of the deefi trench in thr cubctritc and a capacitor i 
dielectric layer fomiBd on the sur&ce of the 4^p trench; 

7 
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forming a first conductive layer at the bottom of the deep trench; 
forming a collar oxide layer on the surfice of lihe trench and the mask layer; ! 
removing the collar oxide layer on the surface of the first conductive layer; 
depositing a material into the de^ trench to form a material layer; 

» ■ 

removing a portion of the material lay^ inside the trench to form a first \ 

< » 

opening, wherein a top surfiace of the materia:i layer lis at a level higher than the liner : 
lay^; 

removing the collar oxide layer not covered by; the material layer; 
removing a portion of the mask layer on the sidewall of the first opening to form \ 
a second opening, wherein the second opening has a width greater than the jQrst (q^ening; : 

I ■ 

removing the material layer; 

depositing conductive material into the 4leep trench to form a second conductive : 

layer; 

rexnoving a portion of the second condui:tLve layer at a top of the deep trench so \ 
that the second conductive layer partially fills ttie deepi trench; 

removing the collar oxide layer on the sidewall of the de^ trench not covered • 
by the second conductive layer; and 

depositing conductive material into the deep trench to form a third conductive ! 
layer, wherein the third conductive layer completely fills the deep trench. 

^ * 

i 

14. (original) The method of claim 13,^>^here]^|material constimtkig the material j 
layer is selected from a group consisting of photoresist sand anti-reflecting coating. 

I 
f 
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15- (original) The method of claim 13, wherein the Step for removing a portionl 

* > 

of the mask layer on the sidewall of the first opeiniag oonvrisea pecfbnning a wet! 
etching process. 

* • ■ 

16. (original) The method of claim 15, wherein the wet etching process is! 

* « 

• • • 

carried out using either hydrofluoric acid/ethyteie glycol sohition or phosphoric acid \ 
solution as the etchant. 

17. (original) The method of claim 13, where^x the second opening has a width I 
greater than the first opening by about 3 to 2Qiim. 

18. (currently amended) A method of fabricating a deep trench capaciuir, : 
comprising: 

! • 

providing a substrate, wherein the substrate has a mask layer formed ; 
thereon and a de^ trench fioimed therein, an electijode formed in the substrate at a i 

i 

bottom of the de^ trench in thcr cubotrato and a capacitor dielectric layer formed on the ; 
surface of die de^ trench; 

forming a first conductive layer at the bottom otf the deep trench; 

forming a protective layer over the majk layer and on the surface of the d eep \ 

trench; 

forming a collar oxide layer on the surfa-^e of the protective layer; 
removing the protective layer and the collar dxide layer on the surfece of the 1 
first conductive layer; 

depositing conductive material hito the deep treinch to form a second conductive i 

layer; 

* « 

' I 

■ 
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removipg a portion of the second condiictive layer at a top of the de^ trench so \ 
that the second conductive layer partially fills the trench; 

removing the collar oxide layer and fibe protdctive layer on the sidewall of the i 
de^ trench not covered by the second conductive laye r, wherein th e protective lav er | 
has a r em oval rate sm all er than the colla r oxide; layer :: and 

depositing conductive material into the deep trench to form a thud conductive \ 
layer, wherein the third conductive layer complete^ fills the deep trench. 

19. (original) The method of claim 18, wherein material constituting the : 
protective layer is selected from a group c;onsistiiig of silicon oxide and silicon : 
o>qrnitride. 

20. (original) The method of claim 19^ wherein the step of forming the i 
protective layer conqyrises perfoiming a plasma-enh^ced chemical vapor deposition \ 
process. 

21. (original) The method of claim 18, whereim the step of forming the collar i 
oxide layer comprises performing a chemical vapor deposition process. 

22. (original) The method of claim 2.1, whd:cin the step of perfomiing the \ 
chemical vapor deposition process comprises using pzone/tetra-ethyl-ortho-silicate as \ 
the reactive gases. 

* • * • 

Claim 23 (canceled). 

t ■ 

24. (currently amended) The method of clamji 18, wherein the protective \ 
layer has a removal rate between about 20 to 35.i\/min.; 

• • 

! : 

• ■ 

JO i 

» 

t 

; • 
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« 

25. (currently amended) The meOiod c)f claim 2^ 18, wliereiii the collar oxide 
layer has a removal rate between about 40 to 65AJnun. 



J.J 
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